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© Optical sub-system utilizing an embedded micro-controller. 



© An optical sub-system (30), e.g. a regenerator, is 
disclosed which includes an embedded micro-con- 
troller (32) for providing continuous monitoring and 
adjusting of various operating parameters associated 
with the sub-system. The ability to modify various 
parameters such as bias voltage, optical signal pow- 
er, etc., as a function of changes in the environment 
(e.g., ambient temperature, device age.power sup- 



ply) results in optimization of the sub-system. The 
micro-controller is initially programmed during envi- 
ronmental testing in manufacture to provide a mem- 
ory (46) within the micro-controller which includes 
the optimal values for a preselected set of operating 
parameters as a function of various environmental 
conditions. 
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Background of the Invention 

Technical Field 

The present invention relates to performance 
optimization of an optical sub-system and, more 
particularly to utilizing an embedded micro-control- 
ler to provide the optimization. 



Summary of the Invention 

The need remaining in the prior art is ad- 
dressed by the present invention which relates to 
5 performance optimization of an optical sub-system 
and, more particularly, to utilizing an embedded 
micro-controller to provide the desired optimization 
as defined by the appended claim 1 . 



Description of the Prior Art 

In most optical communication systems, var- 
ious sub-system arrangements (for example, trans- 
mitters, receivers, amplifiers, regenerators) exhibit 
variations in performance as a function of ambient 
temperature, device aging, power supply fluctu- 
ations, input signal levels, etc. (referred to categori- 
cally hereinafter as "environmental" changes). Ana- 
log feedback circuitry is often utilized to provide a 
moderate degree of control in some situations as, 
for example, controlling the bias voltage applied to 
a laser transmitter, the transimpedance gain of a 
receiver preamplifier, the gain of an optical am- 
plifier, or various combinations of the above. 

U.S. Patent 4,924,191 issued to L. A. Erb et al. 
on May 8, 1990 discusses a solution to the various 
problems associated with utilizing analog feedback 
circuits (in this case, however, not for an optical 
system, but an electrical power amplifier). As dis- 
closed, the operating bias point for an electrical 
power amplifier is stored in a computer memory. 
During frequent test intervals (when an incoming 
signal is interrupted), a test signal is passed 
through the power amplifier and a test bias point is 
measured. The test bias is then compared (by the 
computer) with the operating bias stored in mem- 
ory. If they differ, the memory is updated to load 
the test bias value and the operation mode of the 
amplifier is restarted, where the updated value will 
be used to bias the amplifier until the next test 
period is initiated. The computer, alternatively, may 
be programmed by the user to bypass the test 
mode and continuously run using a user-supplied 
bias voltage value. 

One problem with the arrangement as dis- 
closed by Erb et al. is that the electrical power 
amplifier must be frequently removed from service 
and tested to obtain up-dated operating param- 
eters. For most optical communication system ar- 
rangements, such an interruption in performance is 
unacceptable. Thus, a need remains in the art for a 
means of optimizing the performance of optical 
communication arrangements in light of various en- 
vironmental changes which avoids the various 
drawbacks associated with analog feedback cir- 
cuitry solutions. 



70 Brief Description of the Drawing 

FIG. 1 illustrates, in block diagram form, an 
exemplary factory set-up for performing the ini- 
tialization of an embedded micro-controller; 
75 FIG. 2 illustrates an exemplary optical regenera- 
tor arrangement utilizing an embedded micro- 
controller to provide performance optimization in 
accordance with the teachings of the present 
invention; and 

20 FIG. 3 illustrates an alternative application of 
micro-controller performance optimization, in 
particular, as utilized within a doped fiber optical 
amplifier arrangement. 

25 Detailed Description 

FIG. 1 illustrates, in block diagram form, an 
exemplary manufacturing line configuration 10 for 
initially programming the micro-controller portion of 

30 an optical sub-system in accordance with the 
teachings of the present invention. In the imple- 
mentation of the present invention, a selected op- 
tical sub-system, before field deployment, is sub- 
jected to the full range of environmental changes 

35 expected to be present over the lifetime of the sub- 
system. For most applications, the most important 
environmental changes are ambient temperature, 
input signal power levels, and the aging of individ- 
ual device(s) within the sub-system. Configuration 

40 10 is a useful arrangement for initially subjecting 
the optical sub-system to a predetermined set of 
environmental changes and recording the changes 
in sub-system parameters as a function of these 
environmental changes. The embedded micro-con- 

45 trailer is then utilized to modify the performance of 
the sub-system as the actual environment changes. 

Looking in particular at configuration 10, an 
exemplary sub-system 12 (for example, a laser 
transmitter, APD receiver, optical amplifier or re- 

50 generator) including an embedded micro-controller 
14 is placed in an oven 16. A test set computer 18 
is provided in configuration 10 and is initially pro- 
grammed to include the complete range of testing 
desired for the specific type of sub-system being 

55 studied. Test set computer 18 then communicates 
the test program to embedded micro-controller 14. 
Test set computer 18 is also directly coupled to the 
controls of oven 16, as well as various other exter- 
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nal testing devices (e.g., input signal attenuators). 
For example, test set computer 18 may also be 
coupled to a bit error rate (BER) test monitor 20. 
BER test monitor 20 is used, at each specific 
temperature under study, to locate the minimum bit 
error rate for an exemplary (worst-case) test signal. 
Additional test equipment 22 is utilized to vary the 
associated operating parameters of sub-system 12 
(e.g., bias voltages, device temperatures, transim- 
pedance gain) until the minimum BER is achieved. 
Once determined, the operating parameters asso- 
ciated with optimum performance at a specific tem- 
perature (and input signal level, perhaps) are trans- 
mitted back through test set computer 18 to a 
ROM programmer 24. Included within programmer 
24 is a memory element 26, such as a ROM chip, 
which is programmed to store the data. ROM 26 
will then be inserted in micro-controller 14 when 
the testing is completed. As an optional feature, the 
data generated by the testing process and trans- 
mitted back to test set computer 18 may also be 
displayed in any desired form (e.g., visual display, 
plot, graph, table, etc.) within a data presentation 
unit 28, as shown in phantom in FIG. 1. Upon 
completion of the testing process, ROM chip 26 is 
inserted within embedded micro-controller 14 to be 
packaged as a finished optical sub-system. Various 
other capabilities of the micro-controlled arrange- 
ment will become apparent as various specific ap- 
plications are described in detail below. 

FIG. 2 illustrates an exemplary regenerator ar- 
rangement 30 including an embedded micro-con- 
troller 32 in accordance with the teachings of the 
present invention. The operation of regenerator 30 
will first be briefly described, and then the utiliza- 
tion of embedded micro-controller 32 will follow. 
Regenerator 30 is used in an optical communica- 
tion system to restore (or "regenerate") an optical 
signal which must travel an extensive distance be- 
tween transmitter and receiver. A regenerator func- 
tions to receive the optical signal propagating along 
the fiber, convert the optical signal into an electrical 
representation, re-create the electrical signal so as 
to include sharp transitions between logic "1 "'s and 
logic "0"'s, and finally, re-convert the electrical 
signal into an optical signal to be re-coupled into 
the fiber. This process is shown in some detail in 
FIG. 2. An incoming optical data signal I is applied 
as an input to a receiver 34 which functions to 
convert the optical signal into the electrical repre- 
sentation. The electrical signal E is applied as an 
input to a decision circuit 36 which determines the 
logic value of each data bit as it passes through 
the circuit The two output s from decision circuit 36 
are thus labeled Data and Data. The clock signal is 
also extracted from the electrical signal E. Regen- 
erator 30 of FIG. 2 performs clock recovery utilizing 
an exclusive-OR gate 38, SAW filter 40 and phase 



shifter 42, positioned in series as shown in FIG. 2. 
The output from phase shifter 42, the recovered 
clock signal Clk, is fed back as an input to decision 
circuit 36 to provide the correct timing of the data 

5 output signal. Clock signal Clk also appears as a 
separate output signal and may further be used to 
generate a signal indicating loss of transmission, 
referred to in FIG. 2 as an "Alarm" signal. A 
threshold detector 44 may be utilized to compare 

to clock signal Clk to a reference voltage to generate 
the alarm signal. 

Embedded micro-controller 32 may be utilized 
to monitor a number of different operating param- 
eters of regenerator 30 and provide adjustments, 

75 over time, to these parameters so as to continu- 
ously optimize the performance of regenerator 30 
with respect to changes in the environment (e.g., 
temperature, device(s) aging, input signal level, 
power supply variations). Examples of various ones 

20 of these parameters will be now be discussed in 
detail below. It is to be understood, however, that 
these parameters are exemplary only, and any 
parameter (and any combination thereof) which 
may be measured and utilized to provide perfor- 

25 mance optimization in accordance with the the 
teachings of the present invention. Referring to 
receiver 34 of FIG. 2, the ambient temperature T 
and photocurrent l R of receiver 32 may be transmit- 
ted as operating parameters to micro-controller 32 

30 and utilized by ROM 46 (programmed as dis- 
cussed above) to determine the optimum feedback 
voltage (V «>) and photodetector bias voltage (V 
apd) within receiver 34. As described above, prior 
to deployment, regenerator 30 is tested under var- 

35 ious operating conditions and the parameters (such 
as feedback voltage and photodetector bias volt- 
age) are measured to determine optimum values 
for various conditions. Thus, after deployment, the 
embedded micro-controller contains, within its 

40 memory, the optimum values associated with these 
conditions. Therefore, by continuously adjusting (as 
a function of temperature, for example) the refer- 
ence voltages applied to the receiver 34, its perfor- 
mance can be optimized. As shown in FIG. 2, V fb 

45 and V APD are but one pair of outputs from micro- 
controller 32. The threshold voltages V 

Data 3rid V 

cik used to control the outputs from decision circuit 
36 are also determined by micro-controller 32, 
since these voltages may also shift as a function of 

so temperature. The reference voltage for alarm unit 
44, denoted V alrTKref may also be set, as shown by 
micro-controller 32, with the actual power level of 
the clock signal, denoted V alm in FIG. 2, being sent 
back as data to micro-controller 32. A duty cycle 

55 detector 48 may be inserted in the clock output 
line to determine average DC value of the signal, 
where the DC voltage, denoted V dc in FIG. 2, may 
also be transmitted as data back to micro-controller 
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32. 

An additional feature of the present invention 
may include the ability to override the operation of 
micro-controller 32 after deployment such that pre- 
determined values for selected operating param- 
eters may be fixed to provide desired operating 
levels (i.e., maximize V APD to insure maximum 
sensitivity of receiver 34). As shown in FIG. 2, a 
terminal 50 may be coupled to micro-controller 32 
and used to disable ROM 46 so as to freeze or 
modify any of the various outputs from micro- 
controller 32. 

FIG. 3 illustrates an alternative optical sub- 
system utilizing an embedded micro-controller to 
optimize performance in accordance with the 
teachings of the present invention. In particular, 
FIG. 3 contains a simplified diagram of an optical 
fiber amplifier 60. As is generally understood, an 
input optical data signal l (N and optical pump signal 
l P are applied as simultaneous inputs to a rare 
earth-doped optical fiber. The presence of a pump 
signal P at a particular wavelength (e.g., \ pump = 
0.98um) results in providing amplification to the 
optical data signal. Referring to FIG. 3, the optical 
input signal l (N and a first pump signal l P1 are 
coupled through a first wavelength multiplexer 62 
into a section 64 of doped fiber. Since the am- 
plification is independent of the propagation direc- 
tion of the pump signal, a second pump signal Ip2 
may be coupled by a second multiplexer 66 to the 
opposite end of doped fiber 64. As is well-known in 
the doped fiber amplifier art, the presence of the 
pump signal(s) results in providing gain to the 
optical data signal. Thus, the output from amplifier 
60 will be an amplified version, I A mp of the input 
signal. 

A problem with the arrangement as described 
above is that pump laser sources may be subject 
to aging, which may lower the pump laser's avail- 
able output power, or worse, cause the wavelength 
of the pump laser to drift. As utilized in the fiber 
amplifier environment, it is preferred that the pump 
wavelength be maintained at a predetermined val- 
ue, since the amount of gain is a result of Raman 
mixing at that wavelength. Therefore, in accordance 
with the teachings of the present invention, a 
micro-controller 68 is embedded within amplifier 60 
and utilized to monitor and continuously optimize 
the performance of the pump lasers. It is to be 
noted that although only two such pumps lasers 
are shown, a fiber amplifier may use a larger 
number of such pumps and the teachings of the 
present invention remain applicable. 

As with the regenerator arrangement described 
above, the micro-controller portion 68 of optical 
amplifier 60 is first initially programmed, using an 
arrangement such as manufacturing line configura- 
tion 10 of FIG. 1. As used with a doped optical 



fiber sub-system, test set computer 18 is utilized to 
vary the operating parameters associated with 
pump sources 70 and 72 as a function of changing 
environmental conditions (such as ambient tem- 

5 perature). A memory element 74, such as a ROM 
chip, within programmer 24 (see FIG. 1) is thus 
programmed to store the desired operating param- 
eter values and subsequently inserted in micro- 
controller 68. For example, the light output (L) as a 

to function of input bias current (l b ias) for pump sour- 
ces 70 and 72 may be determined at each data 
point and the optimum bias current for maintaining 
sufficient power at a fixed wavelength is recorded 
and stored in ROM 74. Referring to FIG. 1, the 

75 BER test, for this purpose, may be replaced by an 
L-l test. As shown in FIG. 3, after deployment, the 
electrical signal generated by each backface moni- 
tor BFM (not shown) associated with sources 70 
and 72 are directed as inputs to micro-controller 

20 68, which uses this information to control, in this 
case the bias current applied to each pump. A pair 
of thermo-electric coolers (TECs) 76,78 is asso- 
ciated with sources 70 and 72, respectively, utilized 
to adjust the local temperature of the associated 

25 laser source so as to maintain maximum output 
power. As with the regenerator arrangement dis- 
cussed above, micro-controller 68 may also be 
coupled to an external terminal 80 which is used to 
override the operation of ROM 74 and provide 

30 alternate predetermined operating parameters for 
use by optical amplifier 60. 

It is to be understood that the embodiments of 
the present invention as described above are ex- 
emplary only, and an embedded micro-controller 

35 may be utilized with any desired optical sub-sys- 
tem to provide self-tuning and performance op- 
timization as a function of various changes in the 
environment of the optical sub-system. For exam- 
ple, an embedded micro-controller may be utilized 

40 with a laser transmitter for the purpose of adjusting, 
for example, the laser temperature, bias current, 
and/or modulation current as a function of envi- 
ronmental conditions. 

45 Claims 

1. An optical sub-system (30) for producing an 
output signal in response to an input signal, 
wherein a plurality of operating parameters in- 

50 eluded within the optical sub-system may 

change in value as a function of variations in 
the optical sub-system environment, the 
changes resulting in unwanted variations in the 
optical output signal, characterised by a micro- 

55 controller (32) embedded within the optical 

sub-system and including a memory (46) pro- 
grammed to include optimized values of op- 
erating parameters for preselected sets of en- 
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vironmental conditions, said micro-controller 
being responsive to the plurality of operating 
parameters for comparing said plurality of op- 
erating parameters to the optimized values 
stored in memory and providing as an output 5 
to said sub-system optimized operating param- 
eter values. 

2. A sub-system as claimed in claim 1 wherein 

the micro-controller memory includes a ROM 70 
chip (46) which is programmed during an initial 
test period to include the optimized values of 
the operating parameters. 

3. A sub-system as claimed in claim 1 or 2 
wherein the micro-controller includes means 
for overriding the values stored in memory and 
providing other preselected values of the op- 
erating parameters to the optical sub-system. 

4. A sub-system as claimed in claim 1, 2 or 3 
wherein the sub-system is a regenerator. 

5. A sub-system as claimed in claim 1, 2 or 3 
wherein the sub-system is a doped fiber op- 25 
tical amplifier. 

6. A sub-system as claimed in claim 1, 2 or 3 
wherein the sub-system is a laser transmitter. 
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